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Abstract   
Feeding responses of Cassida nebulosa to spinach vary depending on prior dietary experience. Adults reared on spinach eat 
much spinach whereas those reared on Chenopodium album var. centrorubrum rarely eat it. However, there are few reports 
that address the mechanisms of this phenomenon, which is termed ‘induction of preference’. It has been presumed that this 
phenomenon arises in response to a reduction of sensitivity to the feeding deterrents contained in spinach as a result of early 
experience feeding on it. Therefore, we attempted to verify the effects of the feeding deterrent that was isolated from spinach. 
The feeding-deterrent response was reduced in adults reared on spinach compared with adults reared on C. album var. 
centrorubrum. Additionally, consumption of spinach by adults reared on deterrent-treated leaves of C. album var. 
centrorubrum was significantly higher than that by adults reared on control leaves of C. album var. centrorubrum. These 
results indicate that C. nebulosa acquires the ability to tolerate spinach because sensitivity to the feeding deterrent contained 
in spinach is reduced by early experience with the deterrent. 
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1 Introduction 
Cassida nebulosa L. (Col., Chrysomelidae), which is a pest of 
sugar beet (Beta vulgaris L. var. saccharifera Alef.), feeds on 
chenopodiaceous and amaranthaceous plants (Chujo and Kimoto 
1961). C. nebulosa feeds primarily on Chenopodium album L. or 
C. album var. centrorubrum Makino (CAC). When there is a 
shortage of host plants, the sugar beet is damaged by beetles that 
move to it from the host plants (Yasutomi 1949). On the other 
hand, spinach, Spinacia oleracea L., which is also a 
chenopodiaceous plant, is seldom damaged by C. nebulosa. C. 
nebulosa could potentially damage spinach, however spinach is 
not suitable for larval growth. In our previous study, it was shown 
that dietary experience of C. nebulosa influenced its feeding 
responses to spinach. Adults of C. nebulosa reared on spinach 
consumed spinach well, although those reared on CAC consumed 
very little spinach. Hence, it was concluded that C. nebulosa rarely 
damages spinach under natural conditions because it typically 
lacks prior dietary experience on it (Nagasawa and Matsuda 2005). 
The phenomenon whereby insects tend to prefer the plant they 
have already experienced, whether or not this plant is most 
appropriate for development, is termed ‘induction of (food) 
preference’ (Szentesi and Jermy 1990; Bernays and Chapman 
1994). It is considered that variance of feeding response to spinach 
in C. nebulosa is representative of this phenomenon. This 
phenomenon has been reported in several insect groups, especially 
in Lepidoptera (Szentesi and Jermy 1990). Heliothis zea reared on 
dandelion or geranium consume the plant they are reared on more 
than the other. The tobacco hornworm, Manduca sexta reared on 
tobacco, Jerusalem cherry, or tomato consume the plant they were 
reared on more than the others (Jermy et al. 1968). Moreover, 
neonate larvae of Manduca sexta feed and develop on non-host 
cowpea, although they rarely feed on cowpea after feeding on 
solanaceous plants (Flowers and Yamamoto 1982; de Boer and 
Hanson 1984; de Boer 1992). The physiological basis of the 
 induction has not been clarified, but it is considered to involve a 
mixture of processes (Bernays and Chapman 1994). The 
mechanisms of the induction may involve some elements of 
learning: e.g. habituation, sensitization, associative learning, and 
so on (Bernays and Weiss 1996). Recently, several studies have 
been conducted in the Lepidoptera to clarify the mechanisms of 
the induction. For example, neonate larvae of Pieris rapae feed 
and grow on nasturtium, Tropaeolum majus, while cabbage-reared 
larvae refuse to feed on nasturtium (Renwick and Huang 1995). It 
was explained that this phenomenon is caused by habituation to 
chlorogenic acid, a feeding deterrent in nasturtium (Huang and 
Renwick 1995b). However, few reports have actually examined 
the chemical aspects of feeding preference induction. Moreover, 
this has never been studied in Coleoptera. 
Our previous study showed that consumption by C. nebulosa 
was increased by prior experience with spinach extracts 
(Nagasawa and Matsuda 2005). Because C. nebulosa showed 
feeding-deterrent response to spinach extracts (unpublished data), 
it was predicted that changes in sensitivity from prior dietary 
experience were responsible for the changes in feeding response 
to spinach in C. nebulosa. Therefore, in the present study, the 
effects of experience with the feeding deterrent isolated from 
spinach on feeding response to spinach were investigated. 
 
2 Materials and methods 
2.1 Insects and Plants 
C. nebulosa were collected in the experimental field of the 
Graduate School of Agricultural Science, Tohoku University, 
Japan. The insects were reared on leaves of C. album and C. 
album var. centrorubrum (CAC) collected from the field. In the 
winter, adults were reared on leaves of spinach, and larvae were 
reared on C. album and CAC grown in a greenhouse. The spinach 
used for tests was grown on planters at the experimental field. 
TOUR: Tohoku University Repository 
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2.2 Isolation of the feeding deterrent from spinach 
Fresh leaves of spinach (386.43 g) were extracted with methanol, 
and filtered. The extract was evaporated to dryness under reduced 
pressure at below 40ºC. The methanolic extract was fractionated 
with chloroform and water. The water-soluble 
(chloroform-insoluble) fraction was then washed three times with 
n-butanol. Each fraction was evaporated to dryness under reduced 
pressure at below 40ºC. The butanol-soluble fraction was then 
dissolved in 500 ml water and washed four times with 300 ml ethyl 
acetate. Each fraction was evaporated to dryness under reduced 
pressure at below 40ºC. The water-soluble (ethyl acetate-insoluble) 
fraction was fractionated under pressure in a 15 mm diameter 
chromatography column (YMC-GEL® ODS-A 60-S75, 50 g). 
Fractions were eluted stepwise with 200 ml MeOH in H2O (0, 25, 
35, 50, and 100%). Each fraction was evaporated to dryness under 
reduced pressure at below 40ºC. The active fraction (Fr. 11) that 
was eluted with 50% MeOH in H2O was then sequentially 
fractionated in a 10mm diameter chromatography column 
(Wakogel C-200, 6 g) with CHCl3-MeOH-H2O (10:10:1) and 
MeOH. Eluates were collected every 10 ml and three fractions 
were obtained by mixing eluates that contained the same 
components. The active fraction (Fr. 11-2) was purified by reversed 
phase HPLC (LichroCART 250-10, Lichrosorb RP-18 (7 µm), 
Merck; MeOH:H2O = 1:1, 4.0 ml/ml, 30ºC, RI). The obtained 
fraction was then eluted under the same conditions with 
MeOH:H2O = 45:60 to isolate the feeding-deterrent compound. 
 
2.3 Bioassay to estimate feeding-deterrent activity using 
membrane filter discs 
The feeding-deterrent activity of the spinach extracts was estimated 
by a feeding test using cellulose acetate membrane filter discs. 
Fresh leaves of CAC or spinach were ground and homogenized in 
water (1 milliliter per gram fresh leaves), and then filtered. These 
filtrates were freeze-dried. The residues were homogenized in 
methanol. A solution comprising mixture of spinach and CAC 
extracts (1 g fresh leaf equivalent (GLE)/ml) was applied to the 
cellulose acetate membrane filter discs (0.025 ml/disc) and the 
discs were air-dried (Treated). A solution of only CAC extract (1 
GLE/ml) was applied to the membrane filter discs (0.025 ml/disc) 
as a control and the discs were air-dried (Control). 
A filter paper (50 mm diameter) was placed at the bottom of a 
Petri dish (50 mm diam., 15 mm height) and moistened with 0.1 ml 
pure water to maintain humidity. A round plastic plate with a hole 
(15 mm diam.) at the center was placed on the filter paper to 
prevent test discs from coming into contact with the moistened 
filter paper. Two membrane filter discs (Treated and Control) were 
put on the plastic plate. Then, the membrane filter discs were 
moistened with 0.025 ml pure water. Six adults of C. nebulosa that 
had been starved for 24 h were then released into each Petri dish. 
The experiment was carried out for 24 h under the rearing 
conditions described above. After the test, adults were removed and 
the discs were dried. The area consumed was measured as follows. 
The images of the membrane filter discs were scanned and 
magnified with a computer. The scanned images were partitioned 
into 0.325 mm squares. Blocks with feeding marks on the surface 
were counted as one point and blocks on which feeding left holes 
right through the disc were counted as two points. The total 
consumption points assigned for cases in which the membrane 
filter disc had been completely consumed were 2600. The 
differences between consumption points of the treated discs and the 
control discs were evaluated by statistical comparison using 
Wilcoxon’s signed ranks test. Deterrent activity values were 
compared using a calculated feeding deterrent index based on the 
area consumed in treated and control discs, as follows. 
Feeding deterrent index (FDI) = 100(Control – Treated)/(Control 
+ Treated) 
These indices were compared statistically using Wilcoxon’s 
signed ranks test (two-way comparison) or Steel-Dwass test 
(multiple comparison). 
 
2.4 Feeding responses to the deterrent from spinach after 
rearing on spinach or CAC 
To confirm the effects of dietary experience on sensitivity to the 
feeding deterrents contained in spinach, feeding-deterrence tests 
were conducted using membrane filter discs. Newly emerged adults 
were reared on spinach or CAC for four days. Insects were starved 
for 24 h, and then feeding tests using membrane filter discs were 
conducted as described above. Feeding deterrence tests were 
conducted with the extracts of spinach and the feeding deterrent 
isolated from spinach. 
 
2.5 Effects of exposure to the extracts and the feeding deterrent 
from spinach 
To confirm the effects of dietary experience with the feeding 
deterrents on feeding responses to spinach, feeding tests were 
conducted with adults reared on leaves of CAC treated with spinach 
extracts or the feeding deterrent from spinach. Each concentrate 
was re-dissolved in methanol. The concentration of these solutions 
was 1 GLE/ml methanol. A solution of spinach extracts, which 
deter feeding behavior of C. nebulosa, or a solution of feeding 
deterrent isolated from spinach was uniformly applied to the upper 
surface of a leaf of CAC (1 ml solution per 1 g test leaf). The 
solvent was removed quickly by air-drying. A leaf treated with only 
methanol was used as the control. Each treated leaf was given to 
naive adults within 24 h after emergence, for four days. After 
starvation for 24 h, insects were subjected to no-choice 
feeding-preference tests that were conducted using the following 
method. A filter paper (70 mm diameter) was placed at the bottom 
of a Petri dish (60 mm d., 15 mm height) and moistened with 0.3 
ml pure water to maintain humidity. A spinach leaf was placed at 
the bottom of the Petri dish. The leaf was cut to a suitable size for 
the Petri dish and weighed. Six adults of C. nebulosa, reared as 
described above were released into each Petri dish. The experiment 
was carried out for 2 hours at 24 ± 1˚C under light condition. 
Each experiment had 10 replications. To detect any loss of 
moisture from the leaves due to evaporation, we also prepared three 
test Petri dishes with leaves (control leaves) and no insects. After 
each experiment, the leaves were weighed, and the consumption of 
leaves was calculated by the formula below. 
E = T–T’C/C’, 
where: E is consumption, T is weight of a leaf before the test, T’ is 
weight of the leaf after the test, C is the average weight of control 
leaves before the test, and C’ is the average weight of control 
leaves after the test. The consumption of leaves was compared 
statistically using Dunnett’s method. 
 
3 Results 
3.1 Feeding responses to spinach extracts using the membrane 
filter disc method 
CAC-reared adults (reared on CAC for four days and then starved 
for 24 h) were strongly deterred from feeding on treated discs 
(treated with spinach extract plus CAC extract) compared to control 
- 3 - 
discs (treated with CAC extract only). However, spinach-reared 
adults (reared on spinach for four days and then starved for 24 h) 
consumed relatively more spinach-extract treated discs than 
CAC-reared adults. These findings indicated that feeding-deterrent 
activity of spinach extract was significantly (P < 0.01, Wilcoxon 
two-sample test) reduced in spinach-reared adults [FDI = 19.0 ± 
9.3 (±SE), n = 6] compared to CAC-reared adults [FDI = 86.7 ± 7.8 





























3.2 Isolation of the deterrent from spinach 
Adults of C. nebulosa preferred control discs to discs that had been 
treated with methanol extracts of spinach (n = 10; Wilcoxon’s 
signed ranks test, P < 0.01). This result indicated that adults 
showed strong feeding-deterrent responses to spinach extracts [FDI 
= 75.6 ± 10.4 (±SE)]. Adults were also deterred from feeding on 
discs treated with the chloroform fraction [FDI = 91.7 ± 3.0 (±SE), 
n = 10], n-butanol fraction [FDI = 86.7 ± 5.7 (±SE), n = 10], and 
post-butanol fraction [FDI = 76.5 ± 7.5 (±SE), n = 10] separated 
from the methanol extracts (P < 0.01, Wilcoxon’s signed ranks test). 
However, deterrent fractions from the chloroform fraction and the 
post-butanol (water) fraction were contained mainly in the butanol 
fraction. For this reason, the butanol fraction was washed in ethyl 
acetate and then fractionated by ODS column chromatography. 
Among the 13 fractions obtained, Fr. 11 elicited the strongest 
deterrent response from adults [FDI = 81.1 ± 6.8 (±SE), n = 8] (P < 
0.05, Steel-Dwass test). Fr. 11 was further fractionated by silica-gel 
column chromatography, and three fractions were obtained. Among 
these fractions, Fr. 11-2 elicited the strongest deterrent response 
from adults [FDI = 95.0 ± 2.8 (±SE), n = 8] (P < 0.05, Steel-Dwass 
test). A feeding deterrent compound was isolated by HPLC. Adults 
were strongly deterred from feeding on discs treated with the 
isolated compound [FDI = 82.0 ± 6.3 (±SE), n = 7] (P = 0.016, 
Wilcoxon’s signed ranks test). 
 
3.3 Feeding responses to the feeding deterrent from spinach 
CAC-reared adults [FDI = 63.7 ± 7.9 (±SE), n = 10] were deterred 
from feeding by the feeding deterrent isolated from spinach 
compared with spinach-reared adults [FDI = 27.3 ± 10.3 (±SE), n = 





























3.4 Effects of exposure to the feeding deterrent from spinach 
Consumption of spinach by treated adults (reared on leaves of CAC 
treated with butanol extract or the feeding deterrent compound 
isolated from spinach) was significantly higher than that by control 
adults (reared on leaves of CAC treated with solvent only) (n = 9; P 























 Fig. 1. Feeding responses of C. nebulosa adults to spinach-extracts after 
rearing on C. album var. centrorubrum (CAC) or spinach. Newly emerged 
adults were reared on CAC or spinach for four days and then starved for 
24 h. Six adults were offered a choice of two membrane filter discs [a 
membrane filter disc treated with a mixture of spinach extract and CAC 
extract (Treated) or a membrane filter disc treated with CAC extract only 
(Control)] in choice assays. Feeding tests using membrane filter discs were 
conducted for 2 h. After the tests, feeding marks left on membrane filter 
discs that were partitioned into 0.325 mm squares were counted. Blocks 
with feeding marks on the surface were counted as one point and blocks 
on which feeding left holes right through the disc were counted as two 
points. Bars (mean ± SE) indicate feeding deterrent index = 100(Control – 
Treated)/(Control + Treated). These are significantly different (n = 6; P < 
0.01, Wilcoxon two-sample test). 
 
Fig. 2. Feeding responses of C. nebulosa adults against the feeding 
deterrent isolated from spinach after being reared on C. album var. 
centrorubrum (CAC) or spinach. Newly emerged adults were reared on 
CAC or spinach for four days and then starved for 24 h. Six adults were 
offered a choice of two membrane filter discs [a membrane filter disc 
treated with a mixture of the feeding deterrent and CAC extract (Treated) 
or a membrane filter disc treated with CAC extract only (Control)] in 
choice assays. Feeding tests using membrane filter discs were conducted 
for 2 h. After the tests, feeding marks left on the membrane filter discs 
that were partitioned into 0.325 mm squares were counted. Blocks with 
feeding marks on the surface were counted as one point and blocks on 
which feeding left holes right through the disc were counted as two 
points. Bars (mean ± SE) indicate feeding deterrent index = 100(Control 
– Treated)/(Control + Treated). These are significantly different (n = 10; 
P < 0.05, Wilcoxon two-sample test).  
 
Fig. 3. Effects of exposure to the feeding deterrents from spinach. Adults 
used in the test were reared on CAC leaves treated with butanol fraction 
(BuOH extract), feeding deterrent isolated from spinach (Deterrent 
compound) or solvent (70% methanol) only (control) for four days and 
then starved for 24 h. Then, consumption of spinach by these starved 
adults was measured for 2 h. Bars (mean ± SE) indicate consumption of 
spinach (mg/6 indivisuals/2 h). *: Significant difference compared with 
Control (n = 9; P < 0.05, Dunnett’s method). 
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4 Discussion 
The previous study (Nagasawa and Matsuda 2005) showed that the 
feeding responses of C. nebulosa were influenced by prior dietary 
experience. In addition, it was indicated that dietary experience 
with the chemical components contained in spinach was 
responsible for this phenomenon (Nagasawa and Matsuda 2005). 
Because C. nebulosa was deterred from feeding by extracts of 
spinach, different prior dietary experiences, for example, feeding 
on spinach or CAC, were expected to cause different deterrent 
responses to the feeding deterrents in spinach. Therefore, the 
feeding responses to extracts of spinach were tested using adults of 
C. nebulosa that had been reared on spinach or CAC. The 
feeding-deterrent response to spinach extracts by spinach-reared 
adults was weaker than that by CAC-reared adults, whereas the 
CAC-reared adults showed a strong feeding-deterrent response to 
extracts of spinach (Fig. 1). These results indicated that the 
differences in feeding response to spinach after different dietary 
experiences were caused by differences in the feeding response to 
the feeding deterrents in spinach. 
The cabbage white butterfly, Pieris rapae feeds on garden 
nasturtium, Tropaeolum majus (Tropaeolaceae) as a host in 
addition to brassicaceous plants. However, cabbage-reared larvae 
refused to feed on nasturtium and consequently starved to death, 
whereas neonate larvae can feed and grow on nasturtium (Renwick 
and Huang 1995). This phenomenon was explained by the presence 
of feeding deterrents, the most prominent of which is chlorogenic 
acid, in nasturtium. Because larvae that were reared on cabbage 
treated with chlorogenic acid were able to consume nasturtium, it 
has been considered that neonate larvae can feed on nasturtium due 
to habituation to the deterrents (Huang and Renwick 1995b). In the 
case of C. nebulosa, it was expected that deterrent response to the 
feeding deterrents in spinach-reared adults would be suppressed by 
experience with the feeding deterrents contained in spinach. 
Therefore, a feeding deterrent was first isolated from spinach. Then, 
the effects of experience of the isolated deterrent on feeding 
response to spinach were confirmed. 
An opaline color compound was isolated from the butanol 
fraction of spinach extract. NMR spectrum indicated that this 
compound was a saponin, however, it has not yet been identified. 
Identification of this compound is the next issue to be resolved. 
Feeding-deterrent response to the butanol fraction and the 
feeding-deterrent compound from spinach varied depending on 
dietary experience. CAC-reared adults showed deterred feeding 
responses to the butanol fraction or the deterrent compound. 
However, spinach-reared adults showed weak deterrent responses 
to both the butanol extract and the deterrent compound compared 
to CAC-reared adults (Fig. 2). These results indicated that 
sensitivity to the feeding deterrent isolated from spinach varied 
depending on prior dietary experience on CAC or spinach. In 
addition, adults that were reared on treated CAC (with butanol 
fraction or the feeding-deterrent compound isolated from spinach) 
consumed spinach, though adults reared on control CAC did not 
(Fig. 3). These results indicated that dietary experience with the 
feeding deterrents is responsible for the variance of feeding 
response to spinach in C. nebulosa. Hence, it was concluded that 
spinach-reared adults acquired the ability to accept spinach, 
because sensitivity to the feeding deterrents contained in spinach 
was decreased due to prior dietary experience with the feeding 
deterrents. 
The waning of response to a repeatedly presented stimulus over 
time is defined as habituation (Thompson and Spencer 1966; 
Groves and Thompson 1970). This type of learning has been found 
in many phytophagous insects with regard to feeding (Jermy et al. 
1982; Szentesi and Bernays 1984; Glendinning and Gonzalez 1995; 
Huang and Renwick 1995a; Glendinning 1996; Glendinning et al. 
2001; Akhtar et al. 2003; Akhtar and Isman 2004b, 2004a). It has 
been reported that gustatory receptors of phytophagous insects 
habituate to feeding deterrents (Schoonhoven 1969; Glendinning et 
al. 1999). Therefore, if gustatory receptors in C. nebulosa can be 
habituated to feeding deterrents, the observed variance of feeding 
response to spinach in C. nebulosa can be explained by habituation 
of chemoreceptors to the feeding deterrents in spinach.  
Several studies on the induction of preference have been 
conducted in Lepidoptera (see Szentesi and Jermy 1990; Bernays 
and Weiss 1996). Bernays and Weiss (1996) suggested a 
multiplicity of mechanisms (e.g. habituation, sensitization, and 
associative learning) underlying an induced food preference. The 
result of de Boer (de Boer 1991, 1993) also suggested another 
possible mechanism for an induced food preference: differential 
weighting of chemosensory information. This mechanism involves 
the central nervous central system rather than habituation of 
chemoreceptor cells in the peripheral chemosensory organs. 
However, the mechanism of induced food preference has not been 
clarified. Only the study on P. rapae (Huang and Renwick 1995b; 
Renwick and Huang 1995) previously provide evidence that 
habituation to the deterrents is responsible for the induction of 
preference. Although this phenomenon is also known in other 
groups of insects, the mechanism has not been investigated. The 
present study shows the first evidence that proved that habituation 
is the possible mechanism underlying induction of preference on 
Coleoptera. 
In addition to the effects of prior experience with spinach, our 
previous study (Nagasawa and Matsuda 2005) showed that adults 
of C. nebulosa that had been reared on spinach treated with the 
extract of CAC had a decreased consumption of spinach, and hence 
feeding on CAC could suppress consumption of spinach in C. 
nebulosa. In the present study, we showed the effect of habituation 
to the deterrent on feeding response. Therefore, CAC-reared C. 
nebulosa would reject spinach caused by absence of habituation to 
the deterrent contained in spinach. On the other hand, CAC-reared 
C. nebulosa may also reject spinach caused by the effect of 
experience with the chemical component contained in CAC on the 
feeding response to spinach. These two effects (habituation to the 
deterrents and waning the feeding response to spinach caused by 
experience with the host plant, CAC) probably influence the 
feeding response to spinach in C. nebulosa. Therefore, in addition 
to studying the positive feeding response to spinach caused by 
habituation to spinach (this study), studies on the waning of the 
feeding response to spinach caused by dietary experience with CAC 
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